Seventy patients who had sustained supracondylar fractures of the humerus as children were emined. Loss of carrying angle of the elbow occurred if the fracture was immobilized in a varus position during healing. Varus malalignment could have been obviated if comparative radiographs of the other elbow had been taken and the Baumann angles compared. Rotation and posterior displacement at the fracture had little bearing on theoutcome.
Introduction
The reduction and immobilization of a childhood supracondylar fracture of the humerus-may prove difficult. AttenboroughI pointed out that despite a poor reduction, a satisfactory result may sometimes be achieved due to remodelling. Unsatisfactory results are also well documented2 '. The importance of different facets of the reduction has been debated, some claiming that good alignment in the coronal plane only is necessary5'6, while others have suggested that good alignment in the sagittal plane is important4"7 -10 and that the rotational component of the reduction is also importantl0 13. A frequently encountered persistent problem after supracondylar fracture of the humerus is loss of the normal carrying angle of the elbow. This has been ascribed to various causes, some saying that it is simply the result of reduction of the fracture into a varus position " whilst others have proposed an abnormality of growth of the distal humerus - 19. It has been suggested that the problem goes hand in hand with rotational malalignment""3. It has been concluded from some series that problems of reduction constitute the main cause of loss of carrying angle but that a few cases can only be explained by alteration of growth of the distal humerus' 1.2O.21.
Our objective in this study was to find out the causes of long-term complications and to analyse those features that are of importance in fracture reduction and immobilization.
Patients and methods
Seventy children who had sustained supracondylar fractures of the humerus between 1972 and 1982 were reviewed. There were 41 boys and 29 girls. The right arm was injured in 30 cases and the left arm in 40 cases. Figure 1 shows the age at injury. The range of follow up ranged from 2 to 12 years (mean 6 years). Methods of treatment were noted ( Table 1) .
Complications of the injury or treatment had included 4 cases of median neurapraxia, 3 cases of radial neurapraxia and 5 in whom there had been a temporary loss of the radial pulse at the time of the injury. In Age at injury Figure 1 . Age at the time of injury Goniometric measurement of the range of flexion and extension of the elbow was made. The method described by Smith" was used to assess rotational malalignment of the fracture. In all measurements, comparison was made between the injured and the unaffected arms. Displacement of the fracture was classified according to Holmberg".3-The Baumanin angle was measured as described by Jones6 (Figure 3 ).-It is the angle subtended by a line drawn along the metaphysial edge of the capitellar growth plate with a line drawn at right a4ngles to the shaft of the humerus.
In none of the cases reviewed had a comparative film of the other elbow been made at the time of injury. We therefore compared the Baumann angle on the radiographs taken during the-treatmenit of the fracture with the Baumann angle measured on the radiographs of the normal elbow taken at the time of review. In order to establish that the Baumann angle does not change with time we compared the Baumann angle on the injured side, at the time of healing of the fracture (H) with that at the time of review (R), in those forty-two, patients in whom the capitellar epiphysis had not fused by the time of review. The correlation coefficient between these angles was 0.96, the regression equation being H-= 0.95 R +4.4R Open reduction and K wire 3 (3) 0 (1) 2(1) MUA and strapping 2(2) 3(2) 0 (1) MUA and closed K wire 1 (0) 0 (0) 0 (1)
Rotational malalignment. At review it was possible to demonstrate a rotational deformity in 9 patients. In only two of these was the deformity ofmore than 100. Both were slightly unusual cases. One was a fracture with anterior angulation, a boy whose arm had been run over by a bicycle, and the other was the only patient in whom the fracture had crossed the growth plate.
In 5 patients the rotational deformity found at review was not detectable on the radiographs taken; during healing. In 4 of them the deformity was 50 or less. The other was the patient in whom the fracture passed through the growth plate.
The radiographic records showed 18 patients in whom there had been rotational malalignment at the time ofhealing ofthefracture. In 15therewas interal rotation, but in only 2 was this clinically apparent at review. Ofthe 3 with an external rotational malalignment seen on the radiographs taken during healing, 2 showed this clinically at review.
Alteration of carrying angle: Figure 4 shows the loss ofcarrying angle calculated from a comparison ofthe two arms. In 37 cases there was some relative varus deformity. In 22 there was actually a varus carrying angle. In only 2 cases was the problem sufficient for the patients to notice any functional impairment. There was no relationship between the time since injury and the degree of varus deformity (P>0.5, Student's t test), and no relationship between rotational malalignment during healing (assessed from review of the radiographs) and varus deformity (P>0.1, Student's t test). There was a strong relation. ship between alteration ofthe Baumann angle during healing ofthe fracture and change of carrying angle, assessed clinically, at the time of review (P<0.01, Student's t test). Of the 17 patients who had undisplaced fractures, 2 had some loss of carrying angle at review.
Configuration of the fracture: In 19 cases the fracture viewed on the lateral radiograph was transverse or in the reverse direction ofobliquity from the usual type, which is more distal anteriorly. The mean reduction of carrying angle in these 19 cases was 40 (s.d. 6 .40), and in the other fractures was 5.60 (s.d. 6.50). No significant differen-ce between these groups was detectable with the Mann-Whitney U test (P>0.1). Table 4 shows the mean relative varns deformity and the mean loss of range of flexion and extension ofthe elbow for each Holmberg group. Figure 5 is a series of lateral radiographs showing the progress of remodelling of a displaced fracture. As remodelling occurs it can be seen that the position of the line of the shaft relative to the distal fragment becomes more flzed, reducing the degree of extensioti in which the fracture had healed. Three patients were aware ofa limitation offlexion but found it no handicap. Two boys who are keen weight-lifters noticed that they were unable to lock the elbow into full extension. On examination 10 patients had more than 100 loss of range of flexionextension ofthe injured elbow.
Effect of displacement:

Discussion
It is important to determine accurately the position in which a supracondylar fracture of the humerus is immobilized during healing if the effect of this position is to be judged. Clinical assessment in the early stages is limited by the need to immobilize the fracture. Baumann22 used the capitellar growth plate as a landmark for radiographic measurement. Dodge7 has shown the value of the Baumann angle when used in comparison with the same measurement of the uninjured elbow and also its tolerance of some variation in radiographic positioning.
As no radiographs had been taken ofthe uninjured arm during treatment of any of the fractures in this series, no direct comparison was possible. However, when reviewing the original radiographs we wished to be able to make such a comparison, and therefore in those 42 patients in whom the capitellar epiphysis had not fused, the Baumann angle on the uninjured i~~~~~~~4 1 $ side was measured on radiographs taken at the time of review. As the Baumann angle on the injured side had not changed, it seems likely that-the angle on the unaffected side, at review, is approximately the same as it was at the time of injury.
Jones6 has pointed out that the line created on a lateral radiograph by the abutment of the cortices of the coronoid and oleeranon fossae is a useful landmark for determining the degree of angulation of the distal fragment. He was unable to find any significant correlation between this angulation and outcome of the fracture.
In the present series, those patients with Holmberg grade 4 fractures made a better recovery than those with HombWerg grade a and 3 fractures. This may partly be because-the complete separation ofthe fragments makes correct realignment in the coronal plane easier. Also in some cases change in the lateral angle was aswciated with a change in the mid-point of the range of flexion and extension, while in othe it was not. Remodelling of fractures with posterior displacement of the distal fragment may compensate for extension at the fracture.
Although there was a clinically-detectable loss of range of movement in half of the patients reviewed, only 3 noticed the loss of flexion: one of these had suffered a further fracture of the elbow less than one year prior to review; another also hada significant varus and rotational deformity, soit was not possible to be certain which part of the abnormality the patient noticed.
Reduction or reversal of the carrying angle was common in our patients. In 2 cases where the fracture was undisplaced at the time of injury -there wasw a moderate reduction of the carrying angle compared to the other arm. There was, however, no overall trend to increasing varus deformity with time after the fracture, as would be expected if there were permanent damage to the growth plate.
In -the majority of patients in whom there was radiographic evidence ofiaternal rotation of the dietalfragment at the'time-of healing, thi&was not clinically apparent at reviews There was no relationship between those cases in whom there was a rotational malposition during healing and those in whom there was a varus, deformity at the time -of review; -If the cause ofthe varus deformity were internal rotation of an obliquely aligned fracture, as suggested by Smith1 1, it might be expecte4that there would be less varus amongst patients in whom the fracture was tranverse or in the opposite direction of obliquity from usual, but we did not find this.
There was a very strong correlation between change in the Baumann angle at the time of healing and a relative varus deformity at the time of review, suggesting that malunion of the fracture in a varus position did not remodel and led to most of the late varus deformities.
Other methods ofimmobilization showed no advantage over a collar and cuff sling. Immobilization in a plaster cast seems to be associated with the majority ofsevere c,ompartment compression prbblems related to this fracture24. Open reduction was necessary in 2 cases where the median nerve and brachial artery had become caught between the fracture fragments.
